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LQ PHFKDQLFDO SURSHUWLHV LW LV FRQVLGHUHG DV EHVW ZHOGLQJ SURFHVV IRU ZHOGLQJ RI ,QFRQHO  >*' -DQDNL UDP
&$+XDQJHWDO @ :HOGDELOLW\RI ,QFRQHO LVTXLWHJRRGDVFRPSDUHG WRRWKHU1LEDVHGVXSHU
DOOR\V ,W VKRZV JUHDWHU UHVLVWDQFH DJDLQVW VROLGLILFDWLRQ FUDFNLQJ DQG VWUDLQ DJH FUDFNLQJ >-RKQ 1'XSRQW HW DO
 -*RUGLQH @ +RZHYHU LW LV UHSRUWHG WKDW WKLV DOOR\ LV SURQH IRU VHJUHJDWLRQ RI DOOR\LQJ HOHPHQWV
IRUPDWLRQ RI LQWHUPHWDOOLF ODYHVSKDVH >*' -DQDNL UDP&K5DGKDNULVKQDHW DO *0DGKXVXGKDQD
5HGG\HWDO@LQWKHZHOGIXVLRQ]RQHDQG+$=OLTXDWLRQFUDFNLQJ>-*RUGLQH@
7KH VXVFHSWLELOLW\ IRU +$= OLTXDWLRQ FUDFNLQJ GHSHQGV XSRQ PDQ\ YDULDEOHV OLNH JUDLQ VL]H KHDW WUHDWPHQW





ZDV UHSRUWHG >&K5DGKDNULVKQD HW DO @ 7KHUH DUH QR OLWHUDWXUHV DYDLODEOH RQ WKH FRQVHTXHQFH RI HOHFWURQ
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:HLJKW           %DO
%HDGRQSODWH WULDOVZHUHPDGHDFURVV WKHUROOLQJGLUHFWLRQRI WKHVKHHWVXVLQJHOHFWURQEHDPZHOGLQJPDFKLQH
(23$721 8NUDLQH KDYLQJ FDSDFLW\ RI  N: SRZHU DQG  N99ROWDJH  %HIRUH ZHOGLQJ WKH FRXSRQVZHUH
PHFKDQLFDOO\PLOOHGDW WKHHGJHV DQG WKRURXJKO\FOHDQHGZLWKDFHWRQH:HOGLQJSDUDPHWHUV VXFKDV WUDYHO VSHHG
DQGIRFXVVLQJFXUUHQWZHUHNHSWFRQVWDQWDQGZHOGLQJFXUUHQWZDVYDULHGEHWZHHQDPLQLPXPDQGPD[LPXPZLWK
WKH LQWHUYDO RI P$:HOGLQJ FXUUHQWZDV YDULHG IURPP$DQGP$DW FRQVWDQW VSHHGRI PPV ,Q WKLV
UDQJH IXOO SHQHWUDWLRQZHOGVZHUH REWDLQHG DW DOO FXUUHQW OHYHOV /5LFKDUGV HW DO  UHSRUWHG WKDWPLQLPXP
ZHOGLQJ VSHHG KHOSV WR UHGXFH WKHUPDO VWUHVVHV DQG ORZHU WKH FUDFNLQJ WKHUHIRUH PLQLPXP ZHOGLQJ VSHHG RI
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7KHZHOGV ZHUH FXW DFURVV WKHZHOGLQJ GLUHFWLRQ XVLQJ DEUDVLYH FXWWLQJPDFKLQH IRU FKDUDFWHUL]DWLRQ7KH FXW
VDPSOHVZHUHSROLVKHGZLWKGLIIHUHQW JUDGHVRIHPHU\SDSHU WRPDNH VFUDWFK IUHH VXUIDFH3ROLVKHG VDPSOHVZHUH
HOHFWURO\WLFDOO\ HWFKHG ZLWK R[DOLF DFLG WR UHYHDO WKH PLFURVWUXFWXUH LQ RSWLFDO PLFURVFRSH DQG VFDQQLQJ HOHFWURQ
PLFURVFRSH7KHZHOGIXVLRQ]RQHDQGKHDWDIIHFWHG]RQHZHUHREVHUYHGLQRSWLFDOPLFURVFRSH2/<0386*;
DQGVFDQQLQJHOHFWURQ PLFURVFRSH -(2/PDNH (QHUJ\'LVSHUVLYH6SHFWURVFRS\ ('6 WHFKQLTXHZDVXVHG IRU
HOHPHQWDODQDO\VLVRIGHQGULWLFFRUHDQGLQWHUGHQWULWLFUHJLRQV7HQVLOHSURSHUWLHVRIZHOGV)ODWWHQVLOHVSHFLPHQ  
























$YHUDJH LQWHUGHQWULWLF VSDFLQJZDVPHDVXUHGZLWK YDU\LQJ KHDW LQSXW DQG WKH FRROLQJ UDWH RI ZHOGPHWDO ZDV




:KHUHG LQWHUGHQWULWLFVSDFLQJ 9LVWKHFRROLQJUDWH.V $Q LVPDWHULDOFRQVWDQWIRU,QFRQHO$ 
QLVDFRQVWDQWQ 
7DEOH0HDVXUHGLQWHUGHQWULWLFVSDFLQJDQGFRROLQJUDWHZLWKYDU\LQJKHDWLQSXW
6DPSOH,G 6 6 6 6 6
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,QWHUGHQWULWLFVSDFLQJYDULHGIURPȝPWR ȝPDWPLQLPXPDQGPD[LPXPKHDWLQSXW:HOGPHWDOFRROHGDW
.V LQFDVHRIPLQLPXPKHDW LQSXW7KLV LV IRXU WLPHV IDVWHU WKDQFRROLQJUDWHRI WKHZHOGZLWKPD[LPXP
KHDWLQSXW.V,WZDVLQIHUUHGWKDWZLWKLQFUHDVHLQKHDWLQSXWLQWHUGHQWULWLFVSDFLQJLQFUHDVHVDQGFRROLQJ
UDWHGHFUHDVHV
'XULQJ VROLGLILFDWLRQPLFUR VHJUHJDWLRQRFFXUV LQ WKH IXVLRQ ]RQH DQG WKHUH LV FRQFHQWUDWLRQJUDGLHQW EHWZHHQ
GHQWULWLF FRUH DQG LQWHUGHQWULWLF UHJLRQ 5DGKDNULVKQDHWDO  UHSRUWHG WKDW VHJUHJDWLRQ LV WLPHGHSHQGDQW
SKHQRPHQRQ DQGPDLQO\ LQIOXHQFHG E\ WKH FRROLQJ UDWH DQG KHDW LQSXW$V WKHZHOGPHWDO FRROV VORZO\ WKHUH LV
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.YDOXHRI'HQGULWLFFRUH6       
7KH VROXWH UHGLVWULEXWLRQ LQ WKH ZHOG FDQ EH UHSUHVHQWHG E\ GLVWULEXWLRQ FRHIILFLHQW N ZKLFK LV WKH UDWLR RI








+$= OLTXDWLRQ FUDFNLQJ RU PLFURILVVXULQJ RFFXUV ZKHQ OLTXLG ILOP DW WKH JUDLQ ERXQGDULHV LV XQDEOH WR
DFFRPPRGDWH WKH WKHUPDOO\ LQGXFHG VWUHVVHV (IIHFW RIPHWDOOXUJLFDO DQGZHOGLQJ SURFHVV YDULDEOHV DIIHFWLQJ WKH
+$=PLFURVWUXFWXUHZHUHH[WHQVLYHO\VWXGLHGE\YDULRXVUHVHDUFKHUV7KRPSVRQHWDOVKRZHGWKDWPLFURILVVXULQJLV
OLQHDUO\GHSHQGHQW RQJUDLQ VL]H >5*7KRPSVRQ HW DO @(IIHFW RI LPSXULWLHV RQ+$=PLFUR FUDFNLQJZDV
UHSRUWHG E\ &KDWXUYHGL HW DO  +RZHYHU KHDW LQSXW LV RQH RI WKH LPSRUWDQW IDFWRUV ZKLFK LQIOXHQFH
PLFURILVVXULQJVLJQLILFDQWO\
)LJXUH  VKRZ WKH PLFURVWUXFWXUHV RI IXVLRQ ]RQH DQG +$= LQWHUIDFH ZKHUH WKH OLTXDWLRQ ERXQGDULHV DQG
PLFURILVVXULQJQRUPDOO\H[LVW0LFURILVVXULQJZDVREVHUYHG LQ WKH+$=RI ORZHVWKHDW LQSXWZHOG6 -PP
)LJXUHDZKHUHDVRWKHUZHOGVZHUHIUHHIURPLW7KHWHPSHUDWXUHJUDGLHQWLQWKH+$=LVUHGXFHGZLWKLQFUHDVLQJ
KHDWLQSXW LWUHVXOWV LQOHVVHUJUDLQERXQGDU\DUHDIRUFUDFNLQJ+RZHYHU OLTXDWHGERXQGDULHVZHUHVHHQLQDOO WKH
ZHOGV DQG WKHLU LQWHQVLW\ YDULHG ZLWK YDU\LQJ KHDW LQSXW (IIHFW RI KHDW LQSXW RQ WRWDO OHQJWK RI OLTXDWHG JUDLQ
ERXQGDULHVZDV PHDVXUHG$V WKH KHDW LQSXW LQFUHDVHV IURPPLQLPXP 6 WRPD[LPXP 6 WKH WRWDO OHQJWKRI
OLTXDWHGERXQGDULHVGHFUHDVHVIURPPWRPUHVSHFWLYHO\
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)LJXUH(IIHFWRIKHDWLQSXWRQ+$=PLFURVWUXFWXUHD6DPSOH6 -PP E6DPSOH6 -PPF6DPSOH6 -PPG6DPSOH6
-PPH6DPSOH6-PP
 (IIHFWRIKHDWLQSXWRQPHFKDQLFDOSURSHUWLHV
0HFKDQLFDOSURSHUW\RIZHOG MRLQWGHSHQGVRQ WKHFKHPLFDOFRPSRVLWLRQTXDOLW\DQG WKHPLFURVWUXFWXUHRI WKH
ZHOG 7KH PLFURVWUXFWXUH LQ WHUPV RI JUDLQ VL]H RI WKH ZHOG LV FRQWUROOHG E\ KHDW LQSXW DSSOLHG ,QWHUGHQGULWLF
VSDFLQJRIPWRPZDVREVHUYHGDWPLQLPXPDQGPD[LPXPKHDWLQSXWUHVSHFWLYHO\7KHVHYDULDWLRQVGLG
QRW DIIHFW WKH ZHOG WHQVLOH SURSHUWLHV 7KH WHQVLOH SURSHUWLHV RI ZHOG LQ DVZHOGHG FRQGLWLRQ DW PLQLPXP DQG
PD[LPXP KHDWLQSXWDUHJLYHQLQWDEOH
7DEOH 7KHWHQVLOHSURSHUWLHVRIZHOGLQDVZHOGHGFRQGLWLRQDWPLQLPXP6DQGPD[LPXP6KHDWLQSXW
6SHFLPHQ,' +HDW,QSXW-PP 87603D <603D (OPP*/
6    
6    
 &RQFOXVLRQV
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x 6ROXWHUHGLVWULEXWLRQEHWZHHQGHQGULWLFDQGLQWHUGHQGULWLFUHJLRQVZDVREVHUYHGLQDOOWKHZHOGV+RZHYHUWKHUH
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